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Introduction
The silicides of transition 3d-metals are characterized by a very wide variety of physical and chemical properties and an exceptionally wide range of applications in technology. There are conductors with high electroconductivity, semi-and superconductors, metalloids among them. In addition to other things, these compounds have high corrosion resistance; their thermodynamic and electrochemical properties are quite different. The experimental investigations of electrochemical properties of 3d-metals silicides are widely performed [1] . However along with it, a theoretical studying of corrosion-electrochemical behaviour of these systems is also important because it allows complementing and extending experimental data. This paper aims to review the studies of electrochemical properties of Me -Si binary systems for some 4th row d-metals from the point of view of chemical thermodynamics.
All the methods, techniques and approaches used in solving this problem were detailed in monograph [2] . The best carrier of thermodynamic information about possible chemical and electrochemical reactions proceeding in water environments is the diagram of electrochemical equilibrium (electrode potential vs. pH relationship), which allows one to clearly depict the domains of thermodynamic stability of all possible phases and determine the type of system corrosionelectrochemical behavior in certain environmental conditions.
The potential -pH diagrams for pure elements at 25 °C were introduced by М. Pourbaix [3] and are now well known. The procedure of plotting potential -pH diagrams for Me -Si -H 2 O systems consists from three steps. At the first step one should study all phase and chemical equilibria in binary Me -Si system at 25 °C basing on its phase diagram, look for reference thermodynamic data, check they are matched to each other and calculate thermodynamic properties of system components. At the second step one should collect information about all possible oxides and silicates that can be formed during system oxidation, develop the consequence on oxidation processes in oxygen environments and plot the state diagram for Me -Si -O system [2] . At the last step one should consider the ions that can be formed during system oxidation in solutions, possible chemical and electrochemical reactions involving these ions, calculate their electrode potentials and plot the potential -pH diagram. For all systems under consideration the calculations were performed exactly in this order.
The area of electrochemical stability of water has the most importance in analysis of the corrosion behavior of studying systems. The equilibria corresponding to the hydrogen and the oxygen electrodes in atmospheric conditions, which border the area of electrochemical stability of water, are denoted at Figures 1 through 9 by dotted lines. The equations for electrode potentials of these electrodes are presented in Table 1 .
In highly reducing conditions metals can form the hydrides. Moreover, the possibility of electrochemical formation of metals nitrides from atmospheric nitrogen was considered in thermodynamic predictions. However, only titanium, nickel and copper hydrides and only a titanium nitride have the domains of thermodynamic stability on potential -pH diagrams. The hydrides and nitrides of other metals either have no thermodynamic data or found to be thermodynamically not stable in aqueous solution. Table 1 . Electrode potentials of the hydrogen and the oxygen electrodes at atmospheric conditions
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The area of electrochemical stability of water has the most importance in analysis of the corrosion behavior of studying systems. The equilibria corresponding to the hydrogen and the oxygen electrodes in atmospheric conditions, which border the area of electrochemical stability of water, are denoted at Figures 1 through 9 by dotted lines. The equations for electrode potentials of these electrodes are presented in Table 1 . It is to be noticed that there are no reliable thermodynamic data on the standard Gibbs energies of formation of some transition metals oxides and silicides. In this case some empirical relationships were used to estimate them. 
Sc -Si system

Ti -Si system
Titanium silicides are used as cathodes in vacuum arc during the synthesis of super hard nanocrystal coatings [11] . They reveal high corrosion resistance in both reducing and oxidizing environments and can be characterized by stability of the passive state [12] . However, titanium has high chemical affinity not only to oxygen but also to hydrogen and nitrogen; therefore electrochemical formation of titanium hydride TiH 2 and nitride TiN has to be considered. The diagram taking into account these compounds is presented at Fig. 2b In presence of titanium hydride and nitride all its oxides except TiO 2 become thermodynamically unstable. There is no domain of stability of metallic titanium. Moreover, presence of hydride and nitride changes the mechanism and order of titanium silicides oxidation. As can be seen from Fig. 2b , full decomposition of titanium silicides to components is thermodynamically unprofitable process.
The presence of silicon in system can stabilize titanium and prevent it from formation of hydride and further oxidation. This can be explained by high strength of Ti -Si covalent bonds [12] .
Mo -Si system
Molybdenum does not belong to 3d-metals. However, it is the only one metal amongst all 4d-metals that has big importance in metallurgy. Molybdenum silicides are used for making high-temperature thermocouples for measuring temperatures in air up to 1700 ºC, electric resistance heaters, working without protective atmosphere, for creating materials to be used in oxidizing environments. Therefore, this system was included into consideration.
The phase diagram of Mo -Si system [4, 20] assumes the existence of molybdenum silicides Mo 3 Si, Mo 5 Si 3 and MoSi 2 . All these compounds do not have any ranges of nonstoichiometry. The maximum solid solubility of Si in (fcc-Mo) equals ~2.5 atomic percent at 1500 °C and does not The values of standard Gibbs energies of formation for molybdenum oxides are taken from [25] and the values for molybdate anions are calculated according to data from Pourbaix diagram for molybdenum [26, 27] .
The potential -рН diagram of Mo -Si -H 2 O system [28] is presented at Fig. 3 MoO , H SiO − − .
As can be seen from Fig. 3 , molybdenum has very narrow domain of active dissolution, because the cations Mo 3+ and 2 2 MoO + exist only in strongly acidic environments. However, the domain of the oxide passivation of molybdenum is also quite small, and if the environment becomes more and more alkaline, then the domain of transpassivity (which contains all possible isopolymolybdate forms) becomes more and more broad. Generally, electrochemical stability of molybdenum-silicon alloys is 
Mn -Si system
Manganese doped by silicon is used in manufacturing of rail and structural steels, in metallurgy as the deoxidizer, as the dopant to alloys based on aluminum, magnesium and copper. MnO , H SiO
The corrosion-electrochemical behavior of manganese-silicon alloys is determined by the acidity of environment and the value of equilibrium potential. In acidic environments the selective corrosion of manganese takes place and it forms the cations Mn 2+ and silicon from alloy is oxidized to silicic acid.
In neutral and alkaline environments oxidation can end with formation of passivation film consisting of silicates Mn 2 SiO 4 or MnSiO 3 .
Fe -Si system
Iron-silicon is a very important binary system for metallurgy. Iron silicides are perspective materials; they are well-known for their unusual magnetic, optical and thermodynamic properties In contrast to other systems, silicon plays a minor role in corrosion properties of iron silicides. The domain of thermodynamic stability of Fe 2 SiO 4 lies almost below the potential of hydrogen electrode.
The passivation film consists of Fe 2 O 3 or H 2 SiO 4 depending on silicon concentration. If the content of silicon in system is sufficient to form a continuous layer of cobalt silicate, it becomes a primarily passivation film. Otherwise, the protecting film consisting of cobalt oxides "CoO"
and "Co 3 O 4 " would be formed. In strongly acidic environments, where cobalt dissolves to form Co 2+ , the oxidation film consists of orthosilicic acid.
Ni -Si system
According to the Ni -Si phase diagram [4, 57] , several phases exist in system at standard conditions. In presence of nickel hydride orthosilicic acid becomes thermodynamically unstable and the mechanism of nickel silicides decomposition slightly changes.
Generally, the corrosion-electrochemical behaviour of iron, cobalt and nickel silicides is very similar. In acidic environments the passivation layer on Fe -Si, Co -Si и Ni -Si system alloys will consist of pure H 4 SiO 4 , if there will be no F -ions in solution, and metal from alloys will form the cations Fe
2+
, Co 2+ and Ni
, respectively. In neutral and alkaline environments three cases can be considered. If silicon content in alloys is high, it will be sufficient to form a persistent passivation layer of 2 2 SiO 2H O ⋅ on the surface. At lower silicon content in alloy it will be sufficient only to form a persistent layer of silicates Fe 2 SiO 4 , Co 2 SiO 4 or Ni 2 SiO 4 . If silicon content in alloy is very low, the protective film will consist from corresponding metal oxides, and silicon in form of local inclusions of silicates will be present in its inner layer.
Cu -Si system
Alloying of copper alloys with silicon allows increasing their durability, plasticity, improving their mechanical, foundry and anticorrosive properties. Siliceous bronzes and brasses are very cheap substitutes for tin bronzes. In addition, silicon can be included in other copper-based alloys with aluminum, nickel, manganese. Therefore, Cu -Si system is a very important binary system for the metallurgy and chemical technology. . The standard Gibbs energies of formation of copper silicides were estimated in [70] . In addition to well known oxides 
HCuO
− is stable only at low concentrations of copper species in solution [70] . Despite copper hydride CuH 0.8 is not stable in air, it was shown [72 -74] , that it can be obtained during copper electrochemical reduction. The value of standard Gibbs energy of formation for copper hydride was determined by the authors of [75, 76] .
The potential -рН diagram of Cu -Si -H 2 O system [70] is presented at Fig. 8 The electrochemical behaviour of Cu -Si system strongly differs depending on the composition of system and solution. Many compounds including copper and silicon oxides, copper silicate and various ionic species have the domains of prevalence in the area of electrochemical stability of water. The composition of passivation layer on Cu -Si alloys will vary depending on environmental conditions. Zinc silicate has a very wide domain of thermodynamic stability and determines the corrosion behaviour of Zn -Si system. If the silicon content in system is high enough, the protective film consisting of ZnSiO 3 would be formed, otherwise zinc oxide ZnO would form the passivity layer.
Zn -Si system
Conclusions
The dotted lines on the diagrams (Figures 1 through 9 ) mark the potentials of hydrogen and oxygen electrodes. The area between these lines depicts the domain of electrochemical stability of water, which is of most interest to researchers. Thermodynamic calculations show that high corrosion resistance of transition metals silicides and metal-silicon alloys in this area is related with formation of the protective films consisting of metals silicates on their surface. These films are much stable in chemical and electrochemical term than films from simple metal oxides. Therefore, silicon reveals good influence on the corrosion resistance of 3d-metals. 
